Monitoring delayed entry to HIV medical care is needed because it signifies that opportunities to prevent HIV transmission and mitigate disease progression have been missed. A central question for population-level monitoring is whether to consider a person linked to care after receipt of one CD4 or VL test. Using HIV surveillance data, we explored two definitions for estimating the number of HIV-diagnosed persons not linked to HIV medical care. We used receipt of at least one CD4 or VL test (definition 1) and two or more CD4 or VL tests (definition 2) to define linkage to care within 12 months and within 42 months of HIV diagnosis. In five jurisdictions, persons diagnosed from 12/2006-12/2008 who had not died or moved away and who had zero, or less than two reported CD4 or VL tests by 7/31/2010 were considered not linked to care under definitions 1 and 2, respectively. Among 13,600 persons followed up for 19-42 months; 1,732 (13%) had no reported CD4 or VL tests; 2,332 persons (17%) had only one CD4 or VL test and 9,536 persons (70%) had two or more CD4 or VL tests. To summarize, after more than 19 months, 30% of persons diagnosed with HIV had less than two CD4 or VL tests; more than half of them were considered to have entered care if entering care is defined as having one CD4 or VL test. Defining linkage to care as a single CD4 or VL may overestimate entry into care, particularly for certain subgroups.
INTRODUCTION
Linkage to HIV medical care ideally serves as a catalyst for maximizing the prevention potential of strategies to expand HIV testing [1] [2] [3] [4] [5] [6] [7] [8] [9] , particularly when it results in the early initiation of antiretroviral therapy [10] [11] [12] . For this reason, MPDF the National HIV/AIDS Strategy includes an objective of linking at least 85% of individuals newly diagnosed with HIV into care within three months of diagnosis [13] . Linkage to care also benefits persons living with HIV [14] [15] [16] [17] and improved linkage has the potential to contribute to the reduction of disparities in morbidity and mortality (another key goal of the National HIV/AIDS Strategy) [13] .
Evaluating progress towards the National HIV/AIDS Strategy linkage to care objective requires population-level monitoring of receipt of HIV care. In particular, monitoring delayed entry to HIV medical care is needed because it *Address correspondence to this author at the Division of HIV/AIDS Prevention, Centers for Disease Control and Prevention, Atlanta, Georgia, USA; Tel: (404) 639-8500; Fax: (404) 639-8640; E-mail: jub7@cdc.gov signifies that opportunities to prevent onward transmission of HIV infection and to mitigate the progression of HIV disease have been missed. Ongoing monitoring of receipt of HIV care will also be needed to assess the impact of changes required by the 2010 Patient Protection and Affordable Care Act, including the expansion of Medicaid coverage, which are intended to increase access to care [18] .
Since 2000, amendments to the Ryan White CARE Act have required Title I and Title II grantees and planning bodies to determine numbers of persons in their service areas who know they are HIV positive but are not receiving regular HIV-related primary medical care [19, 20] . For population-level monitoring of receipt of HIV care, the Council of State and Territorial Epidemiologists has encouraged states to require reporting of CD4 T-lymphocyte (CD4) and HIV viral load (VL) tests [21] . These tests, which are ordered by HIV care providers on a recommended schedule (starting with the patient's first visit) to assess stage of disease [11] , are considered a proxy for receipt of HIV medical care. As more U.S. states have moved toward requiring reporting of all CD4 and HIV VL tests, regardless of the magnitude of the result, the capacity to use reported CD4 or VL tests to monitor receipt of HIV care has increased. By December 2009, 38 of 50 states and the District of Columbia required reporting of either all CD4 cell counts or all HIV viral loads; the remaining states either did not require reporting of both CD4 and VL or required reporting of CD4 and VL restricted to a specific range of values [22] . Although state CD4 or VL reporting laws have become increasingly standardized, the use of these data to describe linkage to care has varied [19, 20, [23] [24] [25] [26] [27] in part because there is no standard definition of linkage to care for surveillance purposes.
A central question is whether to consider a person linked to care after receipt of one CD4 or VL test. Unlike kept appointments, which are used by clinicians to assess retention in care [23] , the meaning of a single CD4 or VL test may be equivocal, although estimates of linkage to care using surveillance data have tended to measure linkage by the receipt of a single test [24, 25, 27] . However, some investigators have noted that one test result may not be specific enough to indicate care entry, particularly if these tests are commonly ordered before referral to care [26] ; and others have distinguished between intermittent care (receipt of one CD4 or VL test during a 12-month period) and regular care (more than one CD4 or VL test during a 12-month period) [27] .
In this report, we explore patterns of reported CD4 or VL tests in five health jurisdictions participating in the Never in Care Project, a supplemental surveillance pilot focused on persons diagnosed with HIV infection who have not received HIV medical care [28] . We also describe the implications of using one CD4 or VL test vs two or more tests as definitions of linkage to care for 1) estimating the size of the population yet to be linked to care and 2) for qualitative descriptions of this population.
METHODS

Data Source
To identify cases for the Never in Care Project, data were drawn from the HIV Surveillance Systems in five jurisdictions: Indiana, New Jersey, New York City, Philadelphia, and Washington State. Data describing adults ( 18 years old) with an HIV diagnosis from December 1, 2006 -December 31, 2008 , reported to the health departments in these jurisdictions through July 31, 2010, including demographic and risk behavior information, were used for all analyses. Laboratory data, specifically CD4 and VL tests, were used to describe care patterns. 
Analysis
HIV case surveillance data and patterns of associated CD4 and VL tests reported were examined for 1) the entire observation period (follow-up ranged from 19-42 months, depending on diagnosis date), and 2) the period extending 12 months from diagnosis. To minimize the effects of delays in reporting CD4 or VL tests, which ranged from 3-120 days for CD4 tests and 2-60 days for VL tests, we defined the observation period as beginning with the earliest diagnosis date (November 2006) and ending in June 2009, and used CD4 or VL tests performed during this period and reported through July 2010.
Persons who relocated to another jurisdiction were identified through the Routine Interstate Duplicate Review, an HIV surveillance activity performed at least biannually [29] . Those confirmed to have relocated outside the jurisdiction were excluded from analysis. Deaths among those with reported HIV diagnoses are routinely ascertained by matching HIV surveillance records with vital statistics data. The frequency of data matches to ascertain deaths ranges from quarterly to annually in the five jurisdictions. Death dates obtained from these matches were used as "censored by" dates in the Kaplan-Meier analysis described below.
Whether a single CD4 or VL is sufficient evidence of care depends on how frequently it represents a one-time event (as it would be if the first CD4 or VL test does not represent a care visit but rather a test ordered before referral to care, or if a large percentage of people fail to establish care after their first visit). On the other hand, if most of those with a first CD4 or VL test establish care and receive additional tests, a single test might be considered an adequate indicator of linkage to care. To explore whether a single CD4 or VL (either a single CD4, a single VL, or a CD4 and VL on the same date) should be taken to signify entry to care (and thus to exclude people from the "never in care" population), we examined percentages of HIV-infected persons with zero, only one, and two or more reported CD4 or VL tests during the entire observation period. We also compared distributions by race/ethnicity, age, gender, risk group and jurisdiction among those with zero, only one, and two or more reported CD4 or VL tests during the first 12 months after HIV diagnosis (a period considered critical for maximizing the survival benefits of HIV care) [30] , and compared first CD4 and VL values among those with only one and two or more reported CD4 or VL tests. For these analyses, all those who died during the relevant period (12 months following diagnosis or before June 2009) were excluded. Differences in proportions were evaluated using chi-square tests.
The difference between using at least one CD4 or VL test vs two or more tests as the operational definition of linkage to care lies in the inclusion or exclusion of persons with only one CD4 or VL test. We explored the implications of using at least one test vs two or more tests to define linkage to care using two multivariable log-binomial regression models. Specifically, we assessed whether persons with only one reported test performed in the first 12 months after diagnosis were qualitatively more like those without any reported CD4 or VL tests (model 1) or alternatively, more like those with two or more reported CD4 or VL tests during this period (model 2) with respect to race/ethnicity, age, gender, and risk group. Both models included all of these factors as well as jurisdiction, and modeled prevalence ratios. For these analyses, all deaths during the 12 months following diagnosis were excluded.
We acknowledge the potential for bias in identifying predictors of not linking to care as defined, given the different CD4 and VL reporting requirements across jurisdictions. Because CD4 counts tend to rise and VL levels tend to fall with antiretroviral treatment [11] , and one might reasonably expect that treatment might start for some individuals before the second CD4 or VL test, reporting restricted to CD4 values below 200 or 350 cells/mm 3 is likely to affect comparisons of only one reported test vs two or more, but not comparisons of zero reported tests vs only one. Therefore, we performed a sensitivity analysis, which consisted of comparing the results from log-binomial regression models comparing only one reported test vs two or more, first including and then excluding data from the two jurisdictions for which reporting of CD4 and VL tests is required only if the results fall within a specified numeric range.
To describe care entry delays according to the two definitions of linkage to care, we estimated the probability functions for not having entered care by time since diagnosis, under each definition, using the Kaplan-Meier life table method. Time to event was measured from the date of the HIV diagnosis documented in the surveillance system (or June 15 of the year of diagnosis when the month of the diagnosis date was missing) until the date of the first CD4 or VL test, for both those who had at least one reported test and for those who had two or more reported tests. Reported CD4 or VL tests with missing dates were not considered for the assessment of timing of care entry. Right censoring occurred upon death or July 31, 2010, whichever was earliest. Persons who had died but for whom a death date was unavailable and persons who had moved out of jurisdiction during the period of observation, but for whom the date of moving was unknown, were excluded from the analysis. Log rank tests for homogeneity were performed to assess differences in the probability functions across jurisdictions.
Subtraction of those known to have received services from those believed to need them is one method of estimating "unmet need," for HIV medical care within a defined period (usually 12 months) [27] . We did not apply this method to estimate the number of persons living with HIV who have not entered care because our time period of interest was much longer than 12 months. CD4 and VL tests, our indicators of receipt of services, were not required by law until well after many of those living with HIV had been diagnosed. As a result, tallies of numbers of CD4/VL tests received would have been incomplete.
Instead, the size of the population of HIV-infected adults who had not entered HIV medical care in each participating jurisdiction was estimated (according to each of the two definitions of linkage to care) as follows. In each jurisdiction, the estimated probability of not having entered care at each month since diagnosis, from 0-42 months (method as described above) was multiplied by the size of the population living with HIV (not AIDS, because persons with a diagnosis of AIDS were presumed to be in care, at least under definition 1) for the corresponding amount of time since diagnosis (as of December 31, 2008). These products were summed. The probability of not having entered care for those living with HIV (not AIDS) for whom more than 42 months had elapsed since their HIV diagnosis was assumed to be the same as the probability of not having entered care for those 42 months from HIV diagnosis. This assumption is supported by both surveillance data and cohort study data indicating that many of those who do not enter care soon after diagnosis delay care entry until they meet the definition of AIDS [31, 32] .
RESULTS
In the five jurisdictions combined, 16,063 persons were diagnosed with HIV infection from December 1, 2006-December 31, 2008. We excluded the following from analysis, regardless of their care status: persons who moved away from the jurisdiction (N=1,569); persons who had a reported CD4 or VL dated before their diagnosis date (N=312), indicating an incorrect diagnosis or CD4 or VL date, or a problem with considering the CD4 or VL date as the care entry date; and persons who had died but had a missing death date (N=24). Of the 14,158 persons remaining after these exclusions, 558 persons died during the observation period: 133 persons died before their first reported CD4 or VL, 255 died before their second reported CD4 or VL, and 170 died after their second reported CD4 or VL.
As shown in Fig. (1) , in the five jurisdictions combined, 13,600 persons were not censored during the observation period: 1,732 persons (13%) had no reported CD4 or VL test during the observation period; 2,332 (17%) had only one reported CD4 or VL test and 9,536 (70%) had two or more reported CD4 or VL tests. Next we focused on the first 12 months after diagnosis. Of 476 deaths that occurred in the 12 months following diagnosis, 128 persons died before their first reported CD4 or VL, 234 died before their second reported CD4 or VL, and 114 died after their second reported CD4 or VL. Of 13,633 persons who survived the first 12 months after diagnosis, 2,089 (15%) had zero reported CD4 or VL tests during this period; 3,139 (23%) had only one reported CD4 or VL test, and 8,405 (62%) had two or more reported CD4 or VL tests (numbers and percentages by jurisdiction are presented in Table 1 ). Table 2 , persons who had only one reported CD4 or VL test in the first 12 months after diagnosis were significantly different from both those who had no reported CD4 or VL tests and those who had two or more reported CD4 or VL tests with regard to race/ethnicity, risk, and jurisdiction. Persons who had only one reported CD4 or VL test in the first 12 months after diagnosis were also significantly different from those who had no reported CD4 or VL tests with regard to age. Finally, persons with only one reported CD4 or VL in the first 12 months were significantly more likely than those who had two or more CD4 or VL tests to have a first CD4 count below 200 cells/mm 3 . Table 3 presents the results of the multivariable logbinomial regression analysis, which indicate that race/ethnicity and age at diagnosis were independently associated with having zero reported CD4 or VL tests in the 12 months after diagnosis vs having only one reported CD4 Fig. (1) . Analysis flow chart. *The following were excluded from analysis, regardless of their care status: persons who moved away from the jurisdiction (N=1,569), who had a CD4/VL date before their diagnosis date (N=311), and persons who had died (N=476 during first 12 months after diagnosis and N=582 during the entire observation period, including 24 persons who had a missing death date).
As shown in
or VL test in this period. This suggests that the group having only one reported CD4 or VL test is not equivalent to those who have none, as might be the case if most of those with only one test had never actually had a care visit (i.e., if the test was ordered before referral to care). All races/ethnicities except Asian/Pacific Islander were significantly more likely than White, non-Hispanic persons to have zero reported CD4 or VL tests in the first 12 months after diagnosis vs only one reported CD4 or VL test; as were persons under 20 years old vs those 50 years old or older, and persons with undetermined mode of exposure to HIV vs those in the MSM risk group.
In contrast, race/ethnicity did not independently predict having only one vs two or more reported CD4 or VL tests in the 12 months after diagnosis, although age at diagnosis and risk group did. Persons 20-29 and 30-39 years old were significantly more likely than those who were 50 years old or older to have only one reported CD4/VL vs two or more tests, as were persons in all other risk groups compared with MSM. Also of interest is that jurisdiction was associated with the outcomes after controlling for population demographic differences -to a greater extent for the comparison of only one vs two or more reported tests than for zero vs only one reported test(s).
The sensitivity analysis comparing log-binomial regression model results -including and excluding jurisdictions to assess possible bias related to differences in CD4 and VL reporting requirements--indicated little change in the magnitude of the associations of race/ethnicity, age, sex, and risk group with having only one reported CD4 or VL test vs two or more tests. When the two jurisdictions that require reporting of a subset rather than all CD4 and VL tests were excluded, the magnitude of the associations slightly increased for all factors except for race/ethnicity, for which there was a change in the other direction (data not shown); and confidence intervals were wider when these jurisdictions were excluded. However, the models including and excluding the two jurisdictions identified the same predictors of the outcome. Fig. (2a, b) show the Kaplan Meier probability functions (probability of not having linked to care by time since HIV diagnosis) for all 5 jurisdictions. Under definition 1, those who had at least one reported CD4 or VL test were considered to have linked to care (and those who had not had a reported CD4 or VL test were considered not to have linked to care, Fig. 2a) . Alternatively, under definition 2, those who had two or more reported CD4 or VL tests were considered linked to care (and those with less than two reported tests were considered not to have linked to care, Fig. 2b) . As shown in Fig. (2a) , in all areas, the probability of not having entered care dropped quickly in the first 3-4 months after diagnosis, and the probability declined within 6 months after diagnosis to a level at which there was very little change through the end of follow up (42 months after diagnosis). However, the slope of the probability function until the rate of change slowed varied from area to area, and the relatively constant probability maintained after this point ranged from 6% to 17% among the areas. The same pattern was observed when linkage to care was defined as two or more reported CD4 or VL tests (Fig. 2b) although care entry was somewhat delayed compared with those who had at least one reported CD4 or VL test. The differences in the probability functions across jurisdictions were statistically significant (p<0.0001) under both definitions. Analysis includes all CD4 and viral load tests as evidence of care entry. Differences in probability functions were statistically significant (p<0.0001), according to a log-rank test of homogeneity. Fig. (2b) . Probability of Having <2 CD4 or Viral Load Tests by Months Since HIV Diagnosis. Analysis excludes a single CD4 or viral load test as evidence of care entry. Differences in probability functions were statistically significant (p<0.0001), according to a log-rank test of homogeneity. 
DISCUSSION
Our findings indicate that persons who have had only one reported CD4 or VL test represent a substantial proportion of those who have a reported CD4 or VL test within 12 months of diagnosis. Estimates of the size of the population yet to be linked to care will differ under alternative definitions of linkage to care (at least one reported CD4 or VL vs two or more). Furthermore, considering those who have had only one reported CD4 or VL test as either linked to care or alternatively, not linked to care, may mask important distinctions between persons linked to care and those not linked to care. HIV-infected persons fall along a continuum of engagement with the health care system, from persons who do not engage at all to those who engage sporadically, to those who regularly access care [33] . If linkage to care is defined as two or more reported CD4 or VL tests, combining persons who have had only one test with those who have not had any tests potentially blurs the distinction between those who do not engage in care and those who engage sporadically. Alternatively, if linkage to care is defined as at least one reported CD4 or VL test, combining persons with only one test with those who have two or more tests potentially blurs the distinction between those who engage in care sporadically and those who regularly access care.
Additionally, we found that demographic factors independently predicted having zero reported CD4 or VL tests performed in the 12 months after diagnosis vs having only one test, but (with the exception of age at diagnosis) did not predict having only one reported test vs having two or more reported tests performed in this period. Conversely, risk group predicted having only one reported CD4 or VL vs two or more but not zero vs only one reported test(s) (with the exception of undetermined risk). These findings underscore that persons with only one reported CD4 or VL may have characteristics distinct from both those who appear to have yet to enter care and those who appear to have engaged in care. Taken together, these data suggest that a single CD4 or VL test may overestimate entry into care for certain subgroups.
Our findings support the idea that those who have received only one reported CD4 or VL test are different from those who have received more than one test. However, to better understand this difference, it is critical to know how many of the persons with a first reported CD4 or VL received their first test as part of confirmatory testing (before the first care visit). Surveillance data would miss follow-up visits during which no CD4 or VL tests are ordered. Therefore, two or more tests are needed to indicate that care visits have occurred following the confirmatory testing. Information about physicians' practices with regard to ordering CD4 and VL tests would also be useful for evaluating linkage to care programs because it would allow assessment of the rate of uncompleted care intake visits after confirmatory testing as well as the rate at which those who have entered care drop out of care. Differentiating between care non-entry and dropping out of care is important, as different interventions are likely to be needed to overcome each of these less-than-ideal outcomes. For the reasons outlined above, all three outcomes we examined in this paper-zero reported CD4 or VL tests, only one, and two or more-should be monitored.
Although using surveillance data to track HIV care patterns appears to be feasible, there are some limitations to this approach, a primary one being that surveillance programs do not collect information on patterns of ordering CD4 and VL tests that could clarify the meaning of a single CD4 or VL test result. Another limitation is that CD4 and VL reports may be delayed, affecting the utility of these surveillance data for real-time tracking of care patterns which might help support intervention [23] . This limitation is expected to become less important over time as jurisdictions transition to full, operational, electronic reporting of CD4 and VL results. In the meantime, retrospective analysis provides the means to track trends, albeit in a delayed timeframe.
Other factors may also affect how closely surveillance data reflect care patterns. Factors directly related to the surveillance system include incomplete reporting; receipt of medical care in a jurisdiction other than the one where HIV testing was performed; incomplete ascertainment of deaths and migration out of jurisdiction; errors such as linking reported CD4 or VL data for one person to another person's case report; and duplication of case reports, which may happen when a person changes providers and gets re-tested for HIV [34] . However, the surveillance system has in place procedures and policies intended to mitigate these factors, such as routine linkage of surveillance data to state and national death registries and inter-state de-duplication. Other factors not related to surveillance per se include CD4 tests ordered for a health problem unrelated to HIV, or HIVrelated medical care visits that do not include ordering CD4 or VL testing. Jurisdictions must know the specific limitations of their HIV surveillance data and external factors influencing its interpretation to make optimal use of the data to monitor HIV care patterns.
Some of the limitations of surveillance data described above may be more relevant to our analyses than others. The effects of reporting delay, and of possibly incomplete reporting in jurisdictions in the early stages of implementing CD4 and VL reporting, as well as under-ascertainment of deaths and out-migration were likely minimized through retrospective analysis, which allowed more time for entry of reported CD4 and VL data and for deaths and moves out of the jurisdictions to be documented. We focused on persons diagnosed from 2006-2008, and we included CD4 and VL tests reported through July 2010. We assumed that all jurisdictions had caught up with reporting CD4 and VL of persons diagnosed in 2006-2008 by mid 2010 (reporting delays should not have affected the data presented unless the delay was longer than 18 months).
During the course of the NIC Pilot Project, incomplete and inconsistent reporting by laboratories was discovered through routine validation efforts, e.g. follow-up of inconsistent numbers of tests reported by a laboratory from month to month. Incomplete and inconsistent reporting was also discovered through the activities conducted as part of the NIC Pilot Project, e.g., when the investigation of cases or screening for eligibility indicated a person had received care, but the surveillance record included no reported CD4 or VL tests. In cases such as these, in which there was evidence that laboratory tests had indeed been ordered, the relevant laboratory was contacted and reminded of its reporting obligations. In at least one such instance, the laboratory involved was able to produce an electronic file of historical data and the missing CD4 and VL tests were added to surveillance records, and included in this analysis. Reports from these laboratories were monitored prospectively for ongoing compliance. These improvements in reporting likely benefited the Never in Care Project, having been made as they were before July 31, 2010, until which time reported CD4 or VL, regardless of when they were performed, were included in the analysis. Even so, we cannot rule out the possibility that our analysis misclassified some persons as not having a CD4 or VL test, or having only one CD4 or VL test, if CD4 or VL tests had not been reported.
It is possible that we overestimated the numbers of persons who had not received HIV medical care because reporting laws in some participating jurisdictions did not require reporting of all CD4 and all VL tests. Less frequent ordering of VL tests because of their higher cost and/or insurance coverage considerations might have contributed to overestimation of the number of persons who had not linked to HIV care. This is a concern especially for jurisdictions where CD4 counts are not reported unless they are less than 200 or less than 350 cells/mm 3 , because of the resulting higher probability that a care visit would be reflected by neither a reported CD4 nor a reported VL test.
We may also have overestimated the number of persons who had not linked to HIV medical care under definition 2 (i.e., when we considered those who had less than two reported CD4 or VL tests not linked to care), because persons with only one reported CD4 or VL performed on a date less than 12 months before the end of the observation period were not considered to have entered care. It is possible that the study period ended before they had time to have a second test. However, there were only 94 persons whose only reported CD4/VL test was performed less than 12 months from the end of the observation period. Therefore, even if we considered all 94 persons to have been misidentified as never in care and reclassified them, the never in care population estimate would be reduced by only 2% (from 5,257 persons to 5,163).
Finally, because we had data to estimate probabilities of not entering care only up to 42 months after HIV diagnosis, we assumed that the probability of not having entered care for persons more than 42 months from diagnosis was equal to the probability of not having entered care for persons 42 months from diagnosis. As a result, our estimates of the population having entered care were likely conservative, potentially contributing to overestimation of the numbers and percentages of persons never in care among those living with HIV (not AIDS) and diagnosed for more than 42 months in each jurisdiction.
Results from our log-binomial regression analyses indicate that jurisdiction was independently associated with not being linked to care under the two definitions, suggesting that factors other than the differences in the measured population characteristics affected the relative success in linking HIV-infected persons to care. The volume of cases to be linked to care and the resources and types of systems and services available to facilitate linkage to care varied across the jurisdictions, and these factors warrant further investigation. It is also possible that surveillance system differences may have contributed to the difference in these estimates. In addition to the differences noted above, the proportion of reported CD4 or VL results received electronically vs entered manually differed, as well as requirements for reporting of CD4 and VL tests, and length of time for which reporting of all values of CD4 or VL was mandated. Although we were unable to investigate all these factors, the sensitivity analysis results did not indicate bias in the multivariable model results from including jurisdictions with CD4 and VL reporting requirements limited to a specific numeric range. In the absence of consistent data on completeness and validity of reporting and on the availability and effectiveness of linkage to care services across the jurisdictions, we acknowledge the possibility of mixed effects of these possible influences on the findings from the multivariable models.
Despite these possible limitations, surveillance data represent the best available data for monitoring HIV care patterns on a population level. Use of surveillance data makes possible a relatively standardized assessment of linkage to care rates across an entire jurisdiction, unlike meta-analyses, for which data may not cover as wide a geographic area, for which data sources are limited to published work, and in which heterogeneity in study designs and analytic approaches can present challenges.
Our findings indicate that 85% of persons diagnosed with HIV in the five jurisdictions had a first reported CD4 or VL test performed within 12 months of diagnosis, which is substantially higher than the 69% found in a recent metaanalysis. As the meta-analysis included studies predating our observation period, a possible explanation for this difference is that linkage to care has improved over time. From our analyses, we also learned that 27% of persons with at least one reported CD4 or VL in the 12 months following diagnosis did not have a second test, suggesting that nearly one-third of those who had an initial care visit did not continue to receive regular care as recommended. Our estimate is intermediate between estimates by Ulett et al., [35] and Giordano et al., [36] who measured receipt of care by number of clinic visits and found that 16% and 48% of patients attending a clinic intake visit were not subsequently seen in follow-up, respectively.
In our comparison of first CD4 test results for those who had only one reported CD4 test and those who had two or more reported CD4 tests, those who had only one test were significantly more likely to have a first CD4 less than 200 cells/mm 3 . This finding is consistent with other analyses of surveillance data and cohort study data indicating that many of those who do not enter or establish care soon after diagnosis delay care entry until they meet the definition of AIDS [31, 32] .
Rajabiun et al. [37] have reported the findings of a qualitative interview study involving an underserved population of persons living with HIV in which participants described "a tenuous connection to health care despite having seen an HIV health care provider in the recent past," a finding that has also been reported by others [38, 39] and that emphasizes that efforts to improve retention in care should be implemented in parallel with efforts to engage persons living with HIV in medical care.
Our findings also emphasize that in all areas, too many HIV-infected persons are entering care too late to derive maximum benefit from antiretroviral therapy [14] . The high proportions of persons living with HIV who had not received HIV medical care suggest that in some jurisdictions, the proportion of HIV-diagnosed persons not linked to care may exceed the proportion who have not yet been diagnosed, and that improvements in linkage to care proportionate to the expansion of HIV testing are needed. Finally, because we were focused on exploring two definitions of linkage to care, one of which did not apply to AIDS cases, we did not evaluate care utilization patterns among persons with AIDS. More work is needed to develop methods for populationlevel monitoring of care patterns among those with AIDS.
CONCLUSION
Findings suggest that HIV surveillance and associated laboratory data are useful for monitoring HIV care patterns at the population level. However, using a single reported CD4 or VL as an indicator of linkage to care may overestimate the numbers of HIV-infected persons who have established HIV medical care.
